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 This paper presents design and practical implementation of single-phase 
inverter based on selective harmonic elimination-pulse width modulation 
(SHE-PWM) technique. Microcontroller mega type Arduino used as a 
controller for producing the gate pulses. The optimized switching angles 
determination results in wide range of output voltage. Depending on number 
of switching angles, the lower order harmonics (LOHs) can be eliminated to 
improve the output voltage waveform. A comparison study using 
MATLAB/Simulink for sinusoidal-PWM and SHE-PWM techniques, which 
shows for the same LOH in the output voltage waveform, the SHE-PWM has 
less number of pulses per half cycle than sinusoidal-PWM strategy. The 
reduction in number of pulses results less switching losses. The simulation 
done using ten switching angles to drive R-L load. A prototype of SHE-
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1. INTRODUCTION  
In recent years, single-phase inverter is widely utilized in numerous applications such as 
uninterruptible power supply for the residential consumers, single-phase micro-grid, with the vast fields of 
renewable energy grid-integration conversion, AC motor drives, and single-phase vehicle to grid system.  
A full bridge inverter is as shown in Figure 1 [1, 2]. Harmonics appear at the output voltage of single-phase 
inverter. LOHs mainly contribute to the distortion effects in the system. Conversely, the higher order 
harmonics have less effect in the system. So LOHs content should be minimized or eliminated to 
improvement the load performances [3, 4]. 
There are many techniques for minimizing or removing these LOHs from single-phase inverter 
output voltage. The most common and simplest technique is the sinusoidal PWM technique. However, this 
technique is implemented with high switching frequency which increases switching losses and reduces the 
system efficiency [5, 6]. Therefore, the switching at the fundamental frequency is very desirable. Space 
vector PWM (SV-PWM) are also used to eliminate the distortion effect created by the LOHs especially with 
three phase inverters, it is considered better than sinusoidal-PWM according to DC bus utilization. But this 
method also operates at high switching frequency and its operation performance improves with increased 
switching frequency, in addition to it difficulty of implementation [7, 8]. SHE-PWM is the best technique 
with a basic fundamental frequency (i.e. it works with low switching frequencies) in addition to it has higher 
utilization of DC input voltage than sinusoidal-PWM technique. SHE-PWM produces a fundamental wave at 
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the desired value, where the dominant LOHs are removed from the baseline [9]. Thus, SHE-PWM technique 
is considered in this work to obtain the double advantages of minor switching losses and the elimination of 
LOHs. The challenge of the SHE-PWM technique is to estimate the switching angles specially with 
increasing number of switching angles which requires solving (n) number of non-linear equations.Different 
types of digital controllers are utilised for the production of modulating signals for inverters; as PIC 
microcontroller [10, 11], digital signal processors (DSPs) TMS320F2812 kit [12], complex programmable 
logic device (CPLD) [13], field-programmable gate array (FPGA) [14, 15], and Arduino [16, 17]. Arduino is 
preferred and it employed in this work as its availability, simplicity, its low cost, in addition to its easy 





Figure 1. Single phase H-bridge inverter 
 
 
2. SELECTIVE HARMONIC ELIMINATION 
The fundamental output voltage and the undesirable harmonics of the single phase inverter can be 
controlled. Depending on the number of switching angles (N) per quarter wave symmetry (i.e. chopped N 
times per quarter-cycle). The low order harmonics can be eliminated and what remains is only the high order 
harmonics. The fundamental voltage is obtained with the simultaneous elimination of undesirable harmonics. 
The output voltage waveform 𝑉𝑜𝑢𝑡 shown in Figure 2 is produced by firing the inverter switches S1 to S4 at 





Figure 2. Output voltage waveform of the SHE-PWM inverter 
 
 
Because of odd quarter-wave symmetry along x-axis of the waveform of the SHE-PWM inverter, 
the dc component (a0) and the even harmonics (an) are equal to zero. So the Fourier series of the output 
voltage waveform of the SHE-PWM inverter as in (1), (2) [21-23]: 
 
𝑉𝑜𝑢𝑡 (𝑡) = ∑ 𝑏𝑛
∞
𝑛=1 sin 𝑛𝜔𝑡                                                                               (1) 
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∑ (−1)𝐾 cos 𝑛𝛼𝐾             𝑓𝑜𝑟 𝑛 = 1,3,5, …
𝑁
𝐾=1
0                                                     𝑓𝑜𝑟 𝑛 = 2,4,6, … .
} (3) 
 
𝑉𝑜𝑢𝑡 =  
4𝑉𝑑𝑐
𝑛𝜋
∑ (−1)𝐾+1 cos 𝑛𝛼𝐾  sin 𝑛𝜔𝑡 
𝑁
𝐾=1              n=1, 3, 5, …. (4) 
 
where Vdc is the dc input voltage of the bridge inverter, and n is the harmonic order. The switching angles 
constrain is: 
 
0 < α 1 < α 2 < α3 < …… < αN < π/2    (5) 
 
For example: The 5 unknown switching angles (𝛼1, 𝛼2, 𝛼3, 𝛼4, and 𝛼5) (N=5) necessity to be 
estimated from 5 non-linear equations based on (3) for elimination (N-1) odd harmonics that are the (3rd, 5th, 




[𝑐𝑜𝑠 𝛼1 − 𝑐𝑜𝑠 𝛼2 + 𝑐𝑜𝑠 𝛼3 − 𝑐𝑜𝑠 𝛼4 + 𝑐𝑜𝑠 𝛼5] = 𝑉1  
 
[𝑐𝑜𝑠 𝛼1 − 𝑐𝑜𝑠 𝛼2 + 𝑐𝑜𝑠 𝛼3 − 𝑐𝑜𝑠 𝛼4 + 𝑐𝑜𝑠 𝛼5] =
𝑀𝜋
4
    (6) 
 
[𝑐𝑜𝑠3 𝛼1 − 𝑐𝑜𝑠3 𝛼2 + 𝑐𝑜𝑠 3𝛼3 − 𝑐𝑜𝑠3 𝛼4 + 𝑐𝑜𝑠 3𝛼5] = 𝐻3 = 0   (7) 
 
[𝑐𝑜𝑠5 𝛼1 − 𝑐𝑜𝑠5 𝛼2 + 𝑐𝑜𝑠 5𝛼3 − 𝑐𝑜𝑠5 𝛼4 + 𝑐𝑜𝑠 5𝛼5] = 𝐻5 = 0      (8) 
 
[𝑐𝑜𝑠7 𝛼1 − 𝑐𝑜𝑠7 𝛼2 + 𝑐𝑜𝑠 7𝛼3 − 𝑐𝑜𝑠7 𝛼4 + 𝑐𝑜𝑠 7𝛼5] = 𝐻7 = 0        (9) 
 
[𝑐𝑜𝑠9 𝛼1 − 𝑐𝑜𝑠9 𝛼2 + 𝑐𝑜𝑠 9𝛼3 − 𝑐𝑜𝑠9 𝛼4 + 𝑐𝑜𝑠 9𝛼5] = 𝐻9 = 0   (10) 
 
Where M is the modulation index=
𝑉1
𝑉𝑑𝑐
 , where 𝑉1 is the fundamental component of the output voltage, 
𝐻3, 𝐻5, 𝐻7, 𝐻9 are the 3rd, 5th, 7th, and 9th harmonics components respectively [24, 25]. An m-file using 
MATLAB platform is used to solve these nonlinear (6)-(10) based on "Newton-Raphson Method". Table 1 
lists the switching angles for different cases of SHE. For ten angles (𝛼1 𝑡𝑜 𝛼10), the number of eliminated 
harmonics (odd harmonics) equal to nine (3rd to 19th). The LOH will be 21st (21×50=1050 Hz), Figure 3 
shows the relation between modulation index M and the switching angles. 
 
 
Table 1. Switching angles at M =1 
Type Harmonics Eliminated 
Square Wave Non           
Quasi-square 
wave 
3rd only           
Four SHE 












     
Six SHE 

















   
Nine SHE 
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Figure 3. Relation between modulation index and switching angles 
 
 
3. ARDUINO CODE 
The proposed Arduino codes for generation the required trigger signals for inverter switches based 
on SHE-PWM technique for elimination LOHs are realized according to switching angles in Table 1 and as 
follows: 
 The proposed Arduino codes are developed and edited using Arduino IDE software version 1.8.10 then 
verified and uploaded to Arduino Mega 2560 type via serial port.  
 Selecting the pin mode of the utilized Arduino pins as an "OUTPUT".  
 The firing pulses are made ON and OFF for certain intervals depending upon the switching angles 
presented in Table 1. These angles are normalized to time formula to deal with it as a time delay inside 
the void loop using "delay Microseconds" function and after each time delay a trigger signal is turned ON 
(HIGH) or OFF (LOW) using "digital Write" function according to Table 2, as shown in Figures 4 and 5.  
 Both power semiconductor switches in the same leg of the H-bridge may be ON at the same time due to 
the OFF times of the semiconductors greater than the ON times. This case reasons a short circuit in the  
H-bridge and thus high currents flow in the semiconductors. So, dead time should be inserted between 
each complement gate signals of the same leg. So in our work 4 micro seconds dead time is inserted after 
turned OFF each switch using "delayMicroseconds" function again. 
 
 
"Table 2. Switching state of the SHE-PWM inverter per positive half period cycle 
S1 S2 S3 S4 𝑉𝑜𝑢𝑡  Angle Amplitude Time (µsec) Angle  
ON OFF ON OFF 0 α1 777.778 14° 
ON ON OFF OFF (+Vdc) α2 - α1 188.333 3.39° 
OFF ON OFF ON 0 α3 - α2 602.222 10.84° 
ON ON OFF OFF (+Vdc) α4 - α3 367.222 6.61° 
ON OFF ON OFF 0 α5 - α4 443.889 7.99° 
ON ON OFF OFF (+Vdc) α6 - α5 532.778 9.59° 
OFF ON OFF ON 0 α7 - α6 315.556 5.68° 
ON ON OFF OFF (+Vdc) α8 - α7 674.444 12.14° 
ON OFF ON OFF 0 α9 - α8 229.444 4.13° 
ON ON OFF OFF (+Vdc) α10 - α9 769.444 13.85° 
OFF ON OFF ON 0 π-(2*α10) 197.778 3.56° 
ON ON OFF OFF (+Vdc) α10 - α9 769.444 13.85° 
ON OFF ON OFF 0 α9 - α8 229.444 4.13° 
ON ON OFF OFF (+Vdc) α8 - α7 674.444 12.14° 
OFF ON OFF ON 0 α7 - α6 315.556 5.68° 
ON ON OFF OFF (+Vdc) α6 - α5 532.778 9.59° 
ON OFF ON OFF 0 α5 - α4 443.889 7.99° 
ON ON OFF OFF (+Vdc) α4 - α3 367.222 6.61° 
OFF ON OFF ON 0 α3 - α2 602.222 10.84° 
ON ON OFF OFF (+Vdc) α2 - α1 188.333 3.39° 
ON OFF ON OFF 0 α1  777.778 14° 
     10000.000 180° 
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Figure 4. Flow chart of the proposed Arduino code 
 
Figure 5. Arduino code 
 
 
4. EXPERIMENTAL IMPLEMENTATION 
To validate the results obtained in the theoretical and simulation analysis, a prototype of single 
phase inverter has been experimentally developed as shown in Figure 6. Power MOSFET IRFP460 is used as 
a main power switch in the H-bridge. A gate drive circuit based on TLP350 optocoupler is used as shown in 
Figure 7 for providing isolation between power switches and the Arduino, also it employed for normalize the 





Figure 6. Prototype of the developed inverter 
 
 
Figure 7. Gate drive circuit 
  
 
5. DEVELOPMENT OF THE WORK AND RESULTS 
Practically, several codes were proposed and carried out in Arduino board for elimination different 
number of harmonic based on SHE technique. For instance, the first one considers a simple code for 
producing square wave output voltage (i.e. with 180° conduction angle) of the inverter as shown in Figure 8. 
This figure also shows the spectral analysis that assures the presence of the fundamental and all 
accompanying odd harmonics. The second code involves implementation code for quasi-square inverter; 
which considered as modified of square wave inverter. The quasi-square wave eliminates the 3rd harmonics 
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as shown in Figure 9. The load is (R-L) load with R=3.6 ohm, and L=5 mH. The elimination four of LOH 
(3rd, 5th, 7th and 9th harmonics) after solving five non-linear equations as shown in Figure 10. Adopting this 
procedure the elimination of five harmonics (3rd, 5th, 7th, 9th and 11th harmonics) is shown in Figure 11. The 
output terminal voltage and the load current of the inverter for ten switching angles are shown in Figure 12(a) 





Figure 8. Square wave output terminal voltage 
 
 





Figure 10. Output terminal voltage with four SHE 
 
 








Figure 12. Spectral analysis: (a) Terminal output voltage, (b) Load current with R-L load with nine 
harmonics eliminated 
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Its clear that the number of eliminated harmonics in the spectrum analysis of terminal voltage are 
nine harmonics, where the eliminated harmonics are from 3rd up to 19th in SHE-PWM inverter while the 21st 
harmonic order (at 1050 Hz) appears as the first harmonic as shown in the spectrum analysis of terminal 
voltage and load current. To validate the practical results a Simulink MATLAB model is built and according 
to Figure 3, ten switching angles is used in MATLAB simulation. The modulation index M=1, Vdc=300 V 
and the inverter frequency f = 50 Hz with R-L load of R=3.6 ohm, and L=5 mH. Figure 13 show the 








Figure 13. Output voltage and load current with their harmonics spectral analysis for SHE-PWM converter 
 
 
The LOH as in Figure 13 is the 21st. A comparative study used for sinusoidal-PWM (SPWM) 
technique, the same spectrum can be obtained by setting the carrier frequency fc = 1300 Hz, the load voltage 
and current are shown in Figure 14. The simulation shows the number of pulses per half cycle Q equal ten 
pulses in SHE-PWM technique since ten switching angles per half cycle are used as in Figure 13. While 
Figure 14 shows Q equal to thirteen pulses where Q equal the ratio between carrier frequency to the 
fundamental frequency, Q = fc/2f = (1300/2*50) in SPWM. It is obvious that SPWM results in higher 
switching losses compared with SHE-PWM strategy. Also a slightly increase in utilization of dc input 








Figure 14. Terminal voltage and load current with their spectrum harmonics analysis for sinusoidal-PWM 
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6. CONCLUSION  
Experimental prototype for single phase inverter based on Arduino is built to verify the software 
analysis and the MATLAB/Simulink of the inverter based on SHE-PWM technique. As the number of the 
harmonics eliminated are increased as the THD value is decreased. On the other way the switching losses are 
increased. Comparison study using same LOH in the output waveform between SHE-PWM and SPWM 
shows that number of pulses in the gate signal and output waveform in SHE-PWM strategy are less than the 
number of pulses in the SPWM strategy. Thus the switching losses in SHE-PWM is less than SPWM, also in 
the practical implementation the dead time that is inserted in the gate signals is reduced due to the reduced 
number of pulses. Since this dead time result in distortion in the output waveform. A modified Newton 
Raphson m-file in MATLAB platform is used to calculate a wide range of switching angles according to 
variation of modulation index. In future work, real time variation of switching angles based on SHE-PWM 
technique can be adopted. Also, this technique can be applied for three-phase inverter and implemented 




[1] Y. P. Siwakoti, M. Forouzesh, and N. H. Pham, “Control of Power Electronic Converters and Systems,” Elsevier 
Inc, 2018.  
[2] L. Hassaine and M. R. Bengourina, “Design and Control Technique For Single Phase Bipolar H-Bridge Inverter 
Connected to the Grid,” International Journal of Electrical and Computer Engineering (IJECE), vol. 10, no. 3,  
pp. 3057–3065, Jun. 2020. 
[3] S. Ganguly, A. Sadhukhan, P. K. Gayen, and S. Dolui, “Hardware Implementation of Single-Phase Full-Bridge VSI 
Switched By PSO Based SHE-PWM Signals Using Embedded PIC Microcontroller,” IEEE Calcutta Conference, 
Kolkata, 2017, pp. 341–346.  
[4] A. Kulkarni, “Implementation of SHEPWM in Single Phase Inverter,” International Journal of Scientific and 
Research Publications, vol. 6, no. 1, pp. 431–434, Jan. 2016. 
[5] E. L. Blanco, “Design and Implementation of an Inverter with SPWM Modulation,” IEEE Central America and 
Panama Student Conference, Panama City, 2017, pp. 1–6.  
[6] S. A. Azmi, A. A. Shukor, and S. R. A. Rahim, “Performance Evaluation of Single-Phase H-Bridge Inverter Using 
Selective Harmonic Elimination and Sinusoidal PWM Techniques,” IEEE 7th International Conference on Power 
and Energy, Kuala Lumpur, Malaysia, 2018, pp. 67–72. 
[7] Nagalingam R. and Munagala S., “Improved Switching Performance Analysis of Space Vector Pulse width 
Modulation on FPGA,” Leonardo Electronic Journal of Practices and Technologies, vol. 24, pp. 83–96, 2014. 
[8] M. H. Rashid, “Power Electronics/Devices, circuits, and Applications,” Fourth Edition, Pearson Education 
Limited, 2014, Art. no. 1022.  
[9] E. H. E. Aboadla and M. Tohtayong, “Selective Harmonics Elimination Technique in Single Phase Unipolar H-
bridge Inverter,” IEEE Student Conference on Research and Development, Kuala Lumpur, 2016, pp. 1–4.  
[10] G. K. Sathi and Ch. S. Kumar, “Design of Microcontroller Based Multilevel Inverter,” International Organization 
of Scientific Research Journal of Electrical and Electronics, vol. 9, no. 2, pp. 81–84, Apr. 2014. 
[11] Elnaghi, B. E., Dessouki, M. E., Abd-Alwahab, M. N., and Elkholy, E. E., “Development and implementation of 
two-stage boost converter for single-phase inverter without transformer for PV systems,” International Journal of 
Electrical and Computer Engineering (IJECE), vol. 10, no. 1, pp. 660–669, Feb. 2020. 
[12] G. Li, C. Liu, Z. Fu, and Y. Wang, “A Novel RPWN Selective Harmonic Elimination Method for Single-Phase 
Inverter,” Electronics journal, vol. 9, no. 489, pp. 1–10, 2020.  
[13] W. Yang, C. Wang, and F. Hong, “A Novel Design Method of Single-phase Inverter Controller Based on CPLD,” 
Asia-Pacific Power and Energy Engineering Conference, Chengdu, 2010, pp. 1–4.  
[14] T. Porselvi, K. Deepa, and R. Muthu, “FPGA Based Selective Harmonic Elimination Technique for Multilevel 
Inverter,” International Journal of Power Electronics and Drive System, vol. 9, no. 1, pp. 166–173, Mar. 2018. 
[15] A. M. T. Ibraheem, L. A. Mohammed, and Q. H. Ali, “Implementation of Phase Shifted Carrier Modulation 
Technique for Cascaded Five-Level Inverter Using FPGA,” 3rd International Conference on Sustainable 
Engineering Techniques, IOP Conf. Series: Materials Science and Engineering, 2020, Art. no. 881. 
[16] M. Youssef and C. Boubahri, “Simulation and Design of a Single Phase Inverter with Digital PWM Issued by an 
Arduino Board,” International Journal of Engineering Research & Technology, vol. 9, no. 08, pp. 560–566,  
Aug. 2020. 
[17] P. Sen and P. Thakura, “Hardware Design of Three Phase Voltage Source Inverter Using Arduino Microcontroller 
and Its Harmonic Analysis,” Technologies for Smart-City Energy Security and Power, Bhubaneswar, 2018,  
pp. 1–7. 
[18] G. Ghosh, P. K. S. Roy, and R. Ganguly, “Selective Harmonic Elimination in a Conventional Single Phase Full-
Bridge Inverter with Adjustable Output,” IOSR Journal of Electrical and Electronics Engineering, vol. 13, no. 4, 
pp. 51–57, Aug. 2018. 
[19] G. Ghosh, S. Das, S. Banerjee, D. Kundu, S. Das, and S. Sen, “Selective Harmonic Elimination in a Conventional 
Inverter,” 8th Annual Industrial Automation and Electromechanical Engineering Conference, Bangkok, 2017,  
pp. 324–327. 
Int J Elec & Comp Eng  ISSN: 2088-8708  
 
Implementation of SHE-PWM technique for single-phase inverter based on Arduino (Laith A. Mohammed) 
2915 
[20] A. G. Anandkar and K. S. Gadgil, “Implementation Hardware of single phase H-Bridge Inverter with Selective 
Harmonic Elimination Pulse Width Modulation Technique,” International Journal of Innovative Technology and 
Exploring Engineering, vol. 8, no. 11, pp. 1089–1092, Sep. 2019. 
[21] Q. S. Akram, “Newton Raphson Method,” International Journal of Scientific & Engineering Research, vol. 6,  
no. 7, pp. 1748–1752, Jul. 2015. 
[22] F. Eroglu, M. Kurtoglu, A. O. Arslan, and A. M. Vural, “FPGA Implementation of PS-PWM for Single-Phase 
Thirteen-Level Cascaded H-Bridge Multilevel Inverters,” 2nd International Symposium on Multidisciplinary Studies 
and Innovative Technologies, Ankara, 2018, pp. 1–6.  
[23] Maamar, A. E., Helaimi, M. H., Taleb, R., Mouloudj, H., Elamri, O., and Gadoum, A., “Mathematical Analysis of 
NR Algorithm for Experimental Implementation of SHEPWM Control on Single-phase Inverter,” International 
Journal of Engineering Trends and Technology, vol. 68, no. 2, pp. 9–16, Feb 2020. 
[24] Biswas, S. P., Hosain, M. K., Sheikh, M. R. I., Kibria, M. F., Hasan, F., and Haque, M. Y. Y. U., “A Noble 
Approach for Generating Real Time Firing Pulse for Inverter Using Arduino and MATLAB/Simulink,” 4th 
International Conference on Electrical Engineering and Information & Communication Technology, Dhaka, 
Bangladesh, 2018, pp. 662–665. 
[25] Majdee Tohtayong, Sheroz Khan, Mashkuri Yaacob, Siti Hajar Yusoff, Nur Shahida Midi, Musse Mohamud 
Ahmed, Fawwaz Wafa, Ezzidin Aboadla, and Khairil Azhar Aznan., “The Combination of Newton-Raphson 
Method and Curve-Fitting Method for PWM-based Inverter,” International Journal of Power Electronics and 
Drive System, vol. 8, no. 4, pp. 1919–1931, Dec. 2017. 
 
 
 
